convening -is the way that stakeholders are brought together to define the 51 goals of the project; 52 (b) translation -the process by which the results from any research are converted 53 into language that all the parties involved in the process can understand; 54 (c) collaboration is the process by which the various stakeholders' views are 55 communicated with each other; 56 (d) mediation -the process defined as how these views are reconciled. 57 58
These processes, when carried out properly, ensure that the 'correct' people are 59 brought together and are able to communicate in an 'appropriate' way, both between 60 themselves and to other stakeholders external to the process. This increases the 61 likelihood that the model results will reach their intended audience in a meaningful 62
format. 63 64
There is also a debate within the literature on the use of models for prediction and 65 their utility (e.g. Oreskes 2003) . One interesting aspect of this is the issue of 66 complexity, and the perception that more complex models are better, but have more 67
processes that require parameterization (see, for example, Guideline 1: Apply the 68 principle of parsimony, Chapter 11, Hill & Tiedeman 2007). But this increased 69 amount of parameterization leads to greater uncertainty. This is described as a 70 'complexity paradox', whereby the model more closely represents the natural system, 71 but is more uncertain (Oreskes 2003) . However, even when relatively simple models 72 are accepted by the end users, problems in the interpretation of results may occur. A 73 classic example of failure in the use of models for short-term predictions such as flood 74 forecasting, is the Red River Flood (Pielke 1999) , in which a flood forecast was 75 provided as a single number that was wrongly interpreted by the end-users as a 76 maximum flood peak. 77 78
Institutional change is now occurring which will modify structures within 79 organizations to take into account the need for improved dialogue between the 80 scientist and the end-user. An example of this is the planned change in the 81
Meteorological Service of Canada regarding atmospheric models (Mark Cantwell, 82 pers. comm.) where the structure of the organization is being realigned to reflect the 83 requirements of stakeholders. level was given with the uncertainty described qualitatively at the bottom of the 340 document. The predicted river stage was consequently interpreted as the maximum, 341 and the danger in qualitative descriptions of uncertainty lies entirely in its 342 interpretation. Figure 1 shows the results of a study by Wallsten et al. (1986) where 343 numerical probabilities were associated with qualitative descriptions by interviewees. 344
The results of the study show that with the exception of a few terms (such as 'toss-345 up') the range of probabilities for each term can be large. 346 347 Some of the criteria adopted by model users in determining whether to rely on 348 predictions are illustrated by combined with precipitation and temperature factors from 13 Global Climate Models 381 (GCMs) the impact of climate change on groundwater system was examined. 382
Projection of 2080s under medium-high emission scenarios showed the likelihood of 383 shortening of the recharge season and that recharge could fall by up to 12 %, although 384 a reduction in recharge is by no means certain. Obviously any reduction in recharge 385 will result in a subsequent reduction in groundwater heads and baseflow. However, 386 until climate change impacts become more pronounced in groundwater systems, then 387 the impact can only determined with a multi-model approach with the associated 388 uncertainty. Whilst predictions such as this are very important to undertake, clearly 389 the timescales and uncertainty of this study are very different from those produced by 390 over-abstraction in the Lincolnshire Chalk. 391 392 393
Summary and conclusions 394 395
This paper has identified a number of positive actions that could increase the 396 likelihood that model results will be used appropriately by their intended audience. 397 Tables and Figures  542  543  Tables  544  545  Table 1 Benefits from application of good practice -example from the 546 Environment Agency for England and Wales groundwater modelling programme. 547 Table 2 Typical timescales for predictions  548  Table 3 Guidance on when to rely on predictions (Pielke et 
Good Practice Component Benefits

Project Brief
Clearly defined scope and objectives will benefit project teams, beneficiaries and stakeholders.
A realistic time scale will instil confidence in beneficiaries and stakeholders.
A clear specification of team composition will ensure that communication and participation are targeted.
A clear specification of project deliverables will result in avoidance of false expectations and will provide focus to project teams.
Clear guidance on benefits realisation will ensure that project activities are targeted to achieve the benefits.
Stakeholder Participation
Stakeholders can provide valuable local knowledge to the project (see Whiteman et al., this volume). This knowledge may have been gained through their operational work and through their responsibility for the National Environment Programme (NEP). The NEP is a list of environmental improvement schemes that ensure that water companies meet European and national targets related to water. Conflict minimisation, for example a reduction in the risk for public inquiry
Technical as well as non-technical contributions will lead to a better and more acceptable product
It will improve the relationship between stakeholders and the Environment Agency with benefit to the Environment Agency profile in the eyes of the stakeholders and the general public Appropriate data storage and retrieval systems can be of benefit to end users at the early stage of the Strategy project
Longer term benefit in giving more attention to the role of data providers in projects, so that, with appropriate feedback of corrected data, others will be able to save time when using such data in the future. Local teams would benefit if informed about the quality of data.
Information/data exchange will motivate staff and create appreciation of the value and benefits of the projects.
National Groundwater Modelling System A common and agreed knowledge and information baseline When to rely on predictions:
When not to rely on predictions:
• Predictive skill is known The outcomes of the study have made a significant contribution to delivering many of the environmental goals set out in the Environment Agency's Corporate strategy of Creating a Better Place; a better quality of life and enhanced environment for wildlife.
Improved and protected inland and coastal waters
The study has focussed on the Permo-Triassic sandstone aquifer which is the most important groundwater resource within the region, supporting both public supply and industrial abstraction. Our improved understanding of the very complex aquifer system and its response to abstraction pressure over the last century have allowed us to improve quantification of groundwater resource availability and also to forecast future groundwater level changes. We are better able to develop management strategies, regulatory approaches and partnerships to tackle historic problems of over-abstraction and saline intrusion.
Restored, protected land with healthy soil
We recognise that the ongoing rebound of groundwater levels in response to recent reductions in abstraction could potentially mobilise pollutants from old landfills and other contaminated land sites in low lying areas. We are now able to identify the higher risk sites and help target appropriate remediation to protect both land and groundwater quality.
Wiser, sustainable use of natural resources
We have established the importance of maintaining the delicate balance between abstraction from the aquifer and replenishment of it by recharge through the low permeability glacial clay deposits that cover much of the area. Using the Catchment Abstraction Management (see Whiteman et al., this volume) process we can influence the distribution of future groundwater abstraction; we have worked closely with the local water company, United Utilities, the most significant stakeholder, during the study and are now encouraging them to optimise their use of the available groundwater resources within the Mersey Basin and North Merseyside area as part of their Water Resource Plan.
These groundwater resources are seen to be of strategic value within United Utilities integrated water supply zone, especially given the need for sustainability reductions, as an outcome of the European Union Habitats Directive 'review of consents' process, from some of their more environmentally sensitive surface supplies in the Lake District, North West England.
Limiting and adapting to climate change A key project outcome is a numerical model that allows us to assess the significance of future changes in recharge to the aquifer for any number of abstraction patterns/scenarios. The potential of effective conjunctive use of the Mersey Basin/North Merseyside PermoTriassic sandstone aquifer with other water sources can be investigated.
Reducing flood risk
Given the Environment Agency's wider remit under the UK Government's flooding strategy 'Making Space for Water', groundwater flooding is now very much in focus. The study has put us in a much stronger position to forecast the extent, timescales and susceptibility of low lying areas to groundwater re-emergence at surface as a result of rebounding water levels in response to reduced abstraction. We have also identified potential problems such as changes in the rainfall/run-off characteristics of some of our river catchments, and sewer surcharging, which may alter future catchment responses to major surface water flood events caused by higher water tables in flood plains.
A key recommendation from the study is the importance of raising awareness of the issues and risk associated with groundwater rebound with the public and other stakeholders. We have also identified the need for further targeted monitoring and investigation in susceptible areas. These actions are now being incorporated into Lower Mersey Flood Risk Management Plan.
In addition to the contributions to the Environment Agency's corporate strategy, the findings of the study have informed and been fed directly into the work carried out under the European Union Water Framework Directive (see Whiteman et al., this volume). The study has been fundamental in assessing the risk to this groundwater body from overabstraction and saline intrusion as well as classifying its status as poor. Further, the study has been used as a basis for developing appropriate programmes of measures within the River Basin Management Plan to tackle the poor status. Again, we are able to target our future work to manage and protect our valuable groundwater resources for future generations. 
